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The method of nonlinear realizations is applied for the conformally invariant description of the spinning particles 
in terms of geometrical quantities of the parameter spaces of the one dimensional N - extended superconformal 
groups. We develop the superspace approach to the cases of spin 0, |, 1 particles and describe the alternative 
component approach in the application to the spin-i particle. 



1. INTRODUCTION 

The conformally invariant description of the 
relativistic (spinning) particle treats on the same 
footings the coordinates of the particle and (su- 
per)einbein, needed for the local reparametriza- 
tion invariance of the action JlL^| . The space-time 
coordinates in this approach are not fundamental 
ones. They are ratios of some more basic vari- 
ables, each transforming as the one-dimensional 
vielbein. In total, for the description of the parti- 
cle in D dimensions, one need D+2 such variables 
(einbeins) entering the starting action identically. 

As was shown in ||-[|], these einbeins (and 
their superpartners in the case of N = 1 spin- 
ning particle) can be naturally described as dila- 
tons (with superpartners), parametrizing D + 2 
different elements of the one-dimensional super- 
conformal group. In this paper we generalize the 
consideration of || to the case of A^ = 2 spinning 
particle making use of the superspace approach. 
We also point out the problems arising when at- 
tempts to generalize the approach to the higher N 
extensions of spinning particle HQ . As a possible 
way out we describe the modified component ap- 
proach and apply it to the revision of the N = 1 
spinning particle. 

The structure of the paper is the following. 
In Sect. 2 we shortly describe the nonlinear real- 
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izations method in general and mention its pe- 
culiarities for the groups including the space - 
time translations. As a simple application of the 
method we describe in Sect. 2. 2 and Sect. 2. 3 the 
spinless and spin-i particles in the superspace ap- 
proach. We develop in Sect. 3 the superspace ap- 
proach to the case of spin-1 N — 2 spinning par- 
ticle. In Sect. 4 we analyze the possibility to gen- 
eralize the method to higher spins and describe 
the alternative component approach in the ap- 
plication to the spin-i particle. The algebra of 
A^-extended superconformal group is described in 
the Appendix. 

2. RELATIVISTIC MASSLESS PARTI- 
CLE AND N = 1 SPINNING PARTI- 
CLE 

2.1. The nonlinear realizations method 

In this method the representation space of the 
group coincides with the whole space of the group 
parameters or with its subspace, which describes 
the coset space of the group over some of its sub- 
group. Let us consider the general group element 
and its transformation under the left multiplica- 
tion by some fixed element g 



G(ai)->G' = g-G{a i ) = G{a' i ). 



(1) 



So, the parameters a, of the group space realize 
the representation of the group with the transfor- 
mation law: a- = a-(a/c,g). If the group admits 
the parametrization in the form 

G = K ■ H = K(k m ) ■ H(h s ), (2) 
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where H is some subgroup of the group G and K 
parametrizes the corresponding coset K = G/H, 
the group action can be realized not only on the 
whole space of parameters {k mi h s }, but on the 
coset space {k m } as well. The transformation law 
in this case is 



— ^m(^m 5)1 h s — h s (k m , ht, g)- 



(3) 



One can generalize the approach and consis- 
tently consider simultaneously more than one 
group elements carrying the external index X 



G X = K-H X 



(4) 



with the same coset element K and different el- 
ements Hx of the subgroup H. This property 
(the equality of the coset elements for all G% ) is 
invariant with respect to the left multiplication 



Gj — > G'x — g ■ Gx 



(5) 



with any group element g. 

The differential invariant Cartan's £1 - forms 
can be constructed for each of these group ele- 
ments 



f2i = G-j^dGx- 



(6) 



Moreover, the following group elements (strictly 
speaking they belong to the subgroup H) 



U - <^X - H I H J 



(7) 



are also invariant with respect to the left multi- 
plication (||) . This fact gives the additional possi- 
bilities for construction of invariants of the group. 
Let us underline that in contrast to the Q - forms 

(6) , which belong to the algebra, new invariants 

(7) belong to the group itself. 

In what follows we will consider as starting 
groups the superconformal infinitedimensional 
groups of the (super) spaces with one bosonic and 
N grassmann coordinates Z M = (r,0 a ). The 
corresponding (super)Virasoro algebras contain 
among their generators the translation P = L—± 
and iV supercharges G" ± , 2 . In this case it is con- 
venient to parametrize the group element in the 
form 



G 



= e iTh - x 



e 9 a G a _ 1/2 . Q 



(8) 



and after that consider all parameters in G as 
functions in the superspace (r, 6 a ). The coor- 
dinates (r, 9 a) transform indeed as they should 
transform. Such consideration automatically will 
lead to superfield constructions. However, as we 
will see later, in some cases, especially when the 
number of supersymmetries N growths, such su- 
perfield approach leads to difficulties. Instead, 
one can consider already 9 a as the functions 9 a (t) 
of a single bosonic coordinate r. This situation 
corresponds to the phase of the spontaneously 
broken supersymmetry and functions a (r) play 
the role of the corresponding Goldstone fields. 
Such component approach is alternative to the 
superfield one and it, possibly, will help to over- 
come the mentioned difficulties. 

2.2. Virasoro algebra and massless particle 

One dimensional diffcomorphisms algebra is 
the simplest example of the N - extended super- 
conformal algebras described in the Appendix. It 
coincide with the Virasoro (centerless) algebra 



[L>m: L n ] 



n)L 



m-\-n • 



(9) 



If one limit themselves to the positive part of 
this algebra, which generate in the one dimen- 
sional space the transformations which are regu- 
lar at the origin, the most natural is the following 
parametrization of the group element 



G 



(10) 



in which all multipliers with the exception of 
e lUL ° , U = U(°\ are ordered by the dimensional- 
ity dim L n = n of the correspondent generators. 

Such structure of the group element simplifies 
the evaluation of the variations 5U {m ^ under the 
infinitesimal left action 



G' = (l+ie)G, 



(11) 



where e = X)m=o e ^Lm-i belongs to the alge- 
bra of the diffeomorphisms group. In particular 
St = E"=o e (m) r m = e(r) All other trans- 
forms through t and U^ m \ m < n. 

At this stage it is natural to consider all param- 
eters £/•(") as the fields U^(t) in one dimensional 
space parametrized by the coordinate r. The field 
U(°\t) transforms as a one dimensional dilaton. 
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Simultaneously t/W(r) transforms as one dimen- 
sional CristofTel symbol. 

Having in mind that the generators Lq and L± 
form the subalgebra, one can consider more than 
one group elements (I = 0, 1 . . . , D + 1) 



Gx 



'L le iUxL 



(12) 



which have identical values of parameters r and 
Jj( m '(T), to > 2, and differ in the values of the 
parameters U% and U% = C/j. This property is 
valid when all of these group elements are trans- 
formed with the same infinitesimal transforma- 
tion parameter e in (pd|). 

Consider the Cartan's differential form for each 
value of the index X 



G^dGx = in ( f 1] L^ + in^Lo 



.(13) 



All its components (fl T , 



f^ 1 \ . . .) are in- 



variant with respect to the left transformation (|^) 
(or ([ll])). The explicit expressions for some com- 
ponents of the Q -form are: 



n 



(-1) 



,-Ux 



(0) 
I 

(i) 



dU x 
(dU- 



2drU- 



(i) 



+ dr(U x l) ) 2 ~ZdTU^)e u *. 



(14) 
(15) 
(16) 



The first of these forms is the differential one-form 
einbein. The covariant derivatives (carrying the 
external index X) calculated with its help are 



D TZ =e u * — . 

dr 



(17) 



The most interesting is the form flj^ . Using it 
one can write the following invariant expression 
for the action 



S 



1. 



(i) 



= — Sj 
2 



where Ex is the signature of D - 
space-time (with two times) 

(- + +__+ + -) 
D 



(18) 

dimensional 
(19) 



and summation over external index X is under- 
stood. 



After the elimination of Jji 1 ^ with the help of 



its equation of motion the action (18) in terms of 
new variables 



Xl = e u ^/ 2 , X = -'SU (2 \t) 



has the form 
,1 . 



S 



dr( 7 



••'7 



-a4) 



(20) 



(21) 



2 M 2 

The relation of the action ( f2l|) with the usual 
D - dimensional action is established by solving 
the equation of motion for the Lagrange multi- 
plier A | 

4 = 0. (22) 

Note the triviality of dynamics implied by this 
equation in the absence of the external index X 
as well as in the case of positive definite signature 
Ex. 

In terms of new variables 



x + 



_2 ' 



2x 



x± = -y=i x D ± £d+i), (i = 0, 1, ...D - 1), 



(23) 



the Lagrangian in ( |2l| ) becomes the standard one 

'-IV (24) 

The expressions (^3|) for coordinates x~i show 
that they are indeed scalars with respect to the 
transformations of the one dimensional diffeomor- 
phisms group. At the same time e(r) transforms 
correctly as an einbein. All this is a result of 
the transition from D + 2 dimensional to D di- 
mensional consideration which is implied by the 
constraint x\ = 0. 

2.3. N = 1 spinning particle in the super- 
space approach 

To generalize the approach on the spinning 
particles we consider the N = 1 SCA which is 
the simplest of the algebras described in the Ap- 
pendix. Its generators are placed on the first two 
lines of the Picture 1 and have the following com- 
mutation relations in addition to (0) 



[L m , G s 



-Htt ~ s)G m+s 



{G r ,G s } — 2L r _|_ s 



(25) 
(26) 
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Following the considerations of the previous sub- 
sections we write D + 2 group elements as (X = 
0,1. ..,£>+!) 



G 2 



3 iTi_i , p iec„ 1/2 . ie (3/2) G 3 



(2) , 



e iOxG 1/2 . e iC/i 



(27) 



Last three multipliers in this expression form the 
subgroup of the whole N — 1 superconformal 
group and they consistently can carry external 
index X. All parameters (Grassmann O-s and 
commuting U-s) are considered as superfunctions 
in the (1,1) superspace parametrized by r and 
9. The variations of these superspace coordinates 
under the left action of infinitesimal superconfor- 
mal transformation are given by the general ex- 



pressions (A.4). 

To calculate the invariant differential f2- forms 
one should take into account that Grassmann par- 
ity of differential of any variable is opposite to its 
own Grassmann parity, i.e. dr is odd and d0 is 
even ||. The general expression for Cartan's fl - 
form is now 



Six = dGx = ifi 



J x 

,(0) 



(-1), 



ifii- 1/2) G_ 



ifi^£ + i^ 1/2) Gi 
Its two first components 



/2 



x 



1/2 



(28) 



(-1/2) 



(dr - id00)e" 



dx M E\^, (29) 



{d(9 - (dr - idd0)ex}e 



J MXi 
-Ui/2 



dx M E% T 



(30) 



define supervielbeins (x 1 = t, x 2 = 9) : 

,-u x _ 9l . e -Dir/a 



r 1 ^ — 
%i — 



e-^/ 2 (l-i6i 



The invariant integration measure is 
dVx = dTd9_Ber{E MI ), (31) 
where d0 is the Berezin differential and 



Ber(E 



MX J 



- p -Ux/2 



(32) 



Note, that the integration measure, as well as the 
supervielbeins, depend on the external index X. 



The action for N = 1 spinning particle is con- 
structed by using the coefficient Yx in the expres- 
sion of the invariant component fij 1 -* in terms of 
the full system of invariant differential forms f2j 
and £lt: 



fiW = n x Y x - 



X s - 1- 



(33) 



This odd coefficient, as well as the even one Yx, 
is also invariant. The invariant action is [SB 



S = -Ex / dVxTx 



(34) 



After the solution of the equations of motion for 
auxiliary fields Uj , and introduction of new vari- 
ables Xx — e Ux / 2 — xx(t) + 'i0Jx(t) the action 
( |34| ) becomes 

S = -\j dTd6(XxD e Xx + 2iB 3/2 X I ). (35) 

The superfield 9 3 / 2 (r,6») = \{p - 9X) in this ac- 
tion plays the role of Lagrange multiplier leading 
to the constraint X x = which is the supersym- 



metric generalization of the constraint (22). After 
the Berezin integration over the 9 the action ( |35| ) 
coincides with the manifestly conformal compo- 
nent action for the N = 1 spinning particle 

S = ^ J dr{xx + iixlx ~ Axf - 2ipj x xx). (36) 

3. N = 2 SUPERCONFORMAL ALGE- 
BRA AND SPIN-1 PARTICLE IN THE 
SUPERSPACE APPROACH 

N — 2 Superconformal Algebra (SCA) in com- 
plex notations 



G s — G s + iG 2 , T„ 



-T, 
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(37) 



(see Appendix) have the following form 



[L m , L n ] 

[Em : Eji\ 

[L m , G s ] 



-i(m - n)L m+n , 



imT, 



~i(~2 — s )Gm+s, 
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[L m ,G s ] = -i{--s)G m+s (38) 

[^m 5 C s ] = — G rn + S7 
^mi G S J 2^* m + s 

{G r , G s } = 2L r + s + 2T r _(- s . 

Following the previous considerations we consider 
simultaneously D + 2 elements of N = 2 Super- 
conformal group (2"=0,1...,-D + 1) 

= e irL - 1 ■ e s G- 1/ 2+0G_ 1/2 , gV 1 ^ , 

e e< 3 / 2 >G 3/2 +e< 3 / 2 >G 3/2 . e »< 2 >L 2 . . . ( 39 ) 

e e x G 1/2 +ezG 1/2 . giU^Li . e iC/xio . gViTo 

Last four multipliers in this expression form the 
subgroup of the whole N = 2 superconformal 
group and they consistently can carry external 
index X. 

The line of calculations is the same. Firstly we 
find the expressions for Cartan's £1 - form com- 
ponents 

n x = G x x dG x = ifi^L-i + 

n ( - 1/2) G_ 1/2 + 4~ 1/2) G_ 1/2 + (40) 

in { ° } L + n^T Q + 

4 1/2) G 1/2 + 4 1/2) G 1/2 + .... 
Its three first components 

n T x ee 4" 1 ' = dx M E T MX = (41) 
= (dr-id00-id00)e- l/l , 

n| = n x ~ 1/2) = dx M E e MI (42) 
= {d<9 - (dr - idee - i&ee)<d T }e- Ui/2 -' lVx,2 i 

4 = 4" 1/2) = dx M E s MX (43) 

= {de - (dr - idee - idee)e T }e- Ui/2+iVi/2 

define supervielbein E^ x in the notations: x 1 = 

t, x 2 = e,x 3 = e. 

The invariant integration measure is simply 

dVi = dTdBdB, (44) 

because Ber(Ef IX ) = 1 for the case of N = 2 
SCA, as one can calculate using the expressions 



(|4l|)-(|43|). For construction of the action one need 
also the expressions 

0^/2) = { d9j _ ( de _ ( dT _ - ld6 Q _ id00)9x)E4 
-zd00 I I - ^d0^ 1 }e^ /2 - i ^ /2 , (45) 
Q, { x ,2) = {de T - (d0 - (dr - id00 - id0~0)e z ){7| 

+idee x e x + ^dev 1 ^" 1 ' 2 -^/ 2 , (46) 

Their expansion in terms of fundamental forms 
(El])-(E3|) contains invariant coefficients 

T = {D6 I -U I -i6 I e I -^V 1 }e Ul , (47) 

f = {De T - u x + ie T ei + l -v l }e u \ (48) 

which can be used for the construction of the ac- 
tion 

S N=2 = l -J drdid0(r - f ) = J dV C, (49) 

£ = \{D0 X - Dh - 2ie T e x - iV x }e Ux . (50) 

After the solution of the equations of motion for 
auxiliary fields 0x, 0r this lagrangian becomes 

C= l -DX I DX I +- 4 V 1 X X ). (51) 

Here X T = e Ux / 2 = x x {t) + i%x(r) + i#7j(r) + 
eeFj(r) are the N — 2 superfield coordinates 
and D = d/d6 + i6d/dr, D = d/de + ied/dr - 
the flat covariant derivatives. The N — 2 super- 
field l/ 1 (r, 0,0 in this lagrangian plays the role 
of Lagrange multiplier leading to the constraint 
X x = which is the N — 2 supersymmetric gen- 
eralization of the constraint ( p2|) Q . The integra- 
tion over the grassmann coordinates, normalized 
as J d0d0 96 = -1 leads to the D + 2 - dimen- 
sional component lagrangian for N = 2 spinning 
particle received in 

4. N = 1 SPINNING PARTICLE IN THE 
COMPONENT APPROACH 

The analysis of the possible generalization of 
described scheme on higher N spinning particles 
reveals the following obstacle. In all considered 
examples the dimensionality of the action in the 
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units dim r = +1, dim 9 a — + 1/2 is dim S = — 1. 
The dimensionality of the integration volume for 
iV extended supersymmetry is dim dV = 1 — N/2 
whereas the dimensionality of the components of 
Cartan's fl - form is nonpositive integers or halfin- 
tegers. It means that starting with N = 4 there 
do not exist the appropriate invariant coefficients 
in the expansions of these Q - form components 
in terms of vielbeins which can be taken as the 
lagrangian (see the Picture 1). 

One possible way out consists in the using as la- 
grangians the more complicated (nonlinear) func- 
tions of these invariant coefficients. The structure 
of these functions in the every case needs the ad- 
ditional analysis. However, there exists the uni- 
versal approach to all cases of N - extended su- 
persymmetry. This is the so called component ap- 
proach, in which all parameters of the group are 
the functions of a parameter r (the proper time) 
only. In some sense this approach is more eco- 
nomic, because it reduces the number of the fields 
by 2 N times (the number of component fields in 
a superfield). The only price, as was described 
in the Sect. 2, is the appearance of the grassmann 
Goldstone fields, which corresponds to the r de- 
pendent parameters at the supertranslations gen- 
erators. In all the cases the action can have the 
form analogous to ( |l8| ) 

S = -±E X J 4 1} (52) 

where Q,j is the component of the fl - form cor- 
responding to the generator L\. So defined ac- 
tion by construction is the supersymmetrization 
of the spinless particle action. The only thing 
one should to do - is to redefine the variables in 
such a way that the dependence of the action on 
the grassmann Goldstone fields disappears. Be- 
low we illustrate this approach for the simplest 
case of N = 1 supersymmetry. 

Once more consider the parametrization of the 
D + 2 elements of the N = 1 SCA. This time we 
consider the spontaneously broken realization of 
the supersymmetry transformation, i.e. the cor- 
responding parameter instead of being the Grass- 
mann coordinate of the superspace (1,1) is now 
the Goldstone field i?(r) which depends on the 



only bosonic coordinate r 

Gj = e ^i-i e «(^)G-i/2 e ie (3/2) G 3 /2 e i;7 (2) i2 . . . 

e iexG 1/2e <>L le iC/x£o. (53) 

All other parameters are the functions of r as 
well. 

The explicit expression for the fl^ component 
is the following 

ftW = {dU^ + dT(U^) 2 - MtU {2) - (54) 
idQxQx + 2idm I U x 1) - idd^U^ f + 
3idmU {2) - 2idm {3/2) + 
2idr©iO (3/2) + 2dMO x e (3/2) }e Ux . 

One can eliminate the auxiliary fields and 
introduce new fields (the dot denote the r- 
derivative) 

x x = e u ^ 2 (l - WQ X ), (55) 

7i = -e^/ 2 ((l - iM)Qx + ^Uxe Ux/2 $, (56) 

A =-3C/ (2) (l - m)- 4m?0 (3/2) - 2^9 (3/2) ,(57) 
p = -26 (3/2) (1 - 2,m) - MU {2) . (58) 

In terms of these new variables the action ( |52| ) 
coincides with the manifestly conformal form of 
the action for N = 1 spinning particle @ @,||. 

5. CONCLUSIONS 

All considered examples illustrate the close 
connection between the physical systems and 
their symmetry groups, which consists in the pos- 
sibility to describe the system in terms of the pa- 
rameters of its symmetry group. One more well 
known example is the gravity which can be de- 
scribed in terms of the metric tensor [|lOj (see also 
fll|| for supergravity) or vielbein [fl2f parametriz- 
ing the diffcomorphisms group of the space-time. 

So, it would be interesting to apply the ap- 
proach developed here to the cases when the 
bosonic part of the (super)space is not one di- 
mensional. The simplest are the two dimensional 
spaces, which correspond to the (super)strings. 
In addition, the method can be applied to the 
nonlinearly realized W-algebras which are the 
symmetry groups for particles with rigidity and 
their supersymmetric generalizations. 
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6. APPENDIX. N EXTENDED SUPER- 
CONFORMAL ALGEBRA 

Having in mind the application of nonlinear re- 
alizations of N extended Superconformal Algebra 
to the description of N extended spinning parti- 
cle we describe in this Appendix the N extended 
SCA as subalgebra of the diffeomorphism algebra 
of the (1, N) superspace (s, r] a ), (a = 1, 2, • • • N). 
The generators of the corresponding diffeomor- 
phism group regular at the origin can be written 
in the coordinate representation as 

pW" l ' aj -o = is'W 2 ..^"^, (A.l) 

OS 



p(m)ai,a2,...,a Tl 



is m ax a 2 a n n < N. 

or] a 



With the help of this representation one can easily 
to calculate the corresponding algebra of diffeo- 
morphisms. All of these generators can be natu- 
rally ordered in accordance with their dimension- 
ality (dim s — +1, dim r\ a = +1/2): 

dim Pq = -1, dim P a = dim P a Q = --, (A. 2) 

dim P° = dim P ai a = dim P a ^ = 0, etc. 

The N extended SCA in the (s,r] a ) superspace 
is characterized by N supercovariant derivatives 



transformations of the coordinates (s,r] a ) can be 
described in terms of an unconstrained scalar su- 
perfunction A(s,ry a ): 

1 i 
Ss = A — -v a D a A, 5ri a = -~D a A. (A.4) 

The composition law for two transformations 
with parameters Ai and A 2 ([Si, 5 2 ] = S3) is 

A 3 = A 1 d s A 2 - A 2 d s A 1 - l -D a A 1 D a A 2 . (A.5) 

Each function A is in one to one correspondence 
with some element of the SCA. Naturally all func- 
tions A are divided on classes by their dependence 
on the grassmann coordinates rj a . Their corre- 
spondence with the generators of the SCA is il- 
lustrated by the following table 

A 1 / 2 — —2if a n s™ «■ —if a n a 



A* = 2ie^r, a r, b s n & -< b T, 



brpab 
n n ! 



A 3/2 _ o abc n _• abc pabc 

\N/2 _ <2(_-}N(N+l)/2 ai a 2 ---a N , n 

J1 n ~~ A \ L ) t n l la 1 l la 2 '/ajv * 



<^ -ie" 



L n-l+N/2- 



All A's at the left are hermitian (with hermitian 
e's) and normalization is chosen to get a conve- 
nient definitions of the generators at the right. 



Bose 

Fermi 

Bose 

Fermi 

Bose 

Fermi 




U -l/2 1^*1/2 



/~ia /~ia (~ia 
^3/2 U 5/2 ljr 7/2 



rpab 
1 2 



rpab 
J 3 



T'ab 
4 



rpabc pabc pabc pabc 
r l/2 r 3/2 r 5/2 r 7/2 



A? 



abed A abed 
lv 2 



Ji^abcd ^abed 



Tjabcde Tjabcde Tjabcde 
n 3/2 n 5/2 U 7/2 



Picture 1. Encircled are generators whose 
f2-form components are used to construct the actions 
for N = 0, 1 - (Li) and N = 2 - (G? /2 ) spinning 
particles in the superfield approach. 



D a = d/d v a + ivad/ds 



(A.3) 



which transform homogeneously under the trans- 
formations of the N extended SCA. One can 
show, M, that the corresponding infinitesimal 



The first lines of the table and Picture 1. con- 
tain the generators L n of the Virasoro algebra 
with n > — 1. The second line contains N se- 
ries G°, (r > —1/2, each starting from the 
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supercharge G a _ x i^. The next line starts from 
the generators Tq 6 of the SO(N) algebra and 
corresponds to its Kac - Moody generalization. 
The generators G° form the vector representation 
of this algebra. All generators and parameters 
with even (odd) number of indices a are bosonic 
(fermionic). 

The algebra of some lower generators 



T r^ a ^ab rpabc A a< 
^n, <^ r j J- m > P s > 



b rpabc A abed rrabede 

[■ ' 8 > Il k > n t ' ' ' ') 

(771, n, k - integer, r, s, t halfintcgcr) is as follows: 
i[m — n)L r , 



[L m , L n ] 

[L m > T® b ] 

{G^, G b s } 
{F? bc , G d s } 



-i(~-r)G"/, 

?mT ab 



a 

m-\-r J 



(A.6) 



2S o6 L r+s + (r - S )T r Q | s 



m 1 n J 



L » 

'rj^de jpabc 



l " lr m+r 


- iS ac G b m+r - 




eyeadrpbe r\<:bdrpca 




nrcdrpab 


ryxcdrpab 
zo ± r+s 


A abed 
"'V+s 1 


■ cacrridb 


n + 




cbcrpda 


1 -radrricb 


■ rdbrpca 
t0 -'•m+n' 


cda rpebc 
r n+r ' 


- ^ & F„ e ; a r + 


• rdc peafc 


■<rea pdbc 
w r n+r 


- i^F^ - 




rec pdab 
u r n+r 


in fjabede 
l ' iI1 n+r ■ 
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